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FATIGTIE AND STATIC TESTS OF FILLET WELtS 
I" nmDDUCTION 
10 Obj act and Scope of Investigation 
It has been the purpose of most of the previous fatigue tests 
of welded joints to~ovide sufficient experimental data from which it 
'Would be possible to det~rmine, quantitativelY9 the fatigue strength of 
welded joints of different types i and thence, to determine allowable 
stresses for use in the design of structures subjected to repeated loadso 
These data were accumulated both in the United States and abroadcr In 
the Un:i. ted Sta.tes~ most of the experimental programs were conducted at 
the University of TI1jnois in fatigue machines designed specifically 
for the purpose by Professor Wo Mer Wilsono 
'With advances in welding techniques, recent interest has been 
directed towards methods of improving the fatigue behavior of weldments 0 
During the last three years 9 the Ohio River Division Laboratories of the 
Corps of Engineer5~ TIc So ArmYlJ) has sponsored a research program at the 
University of D1inois which has had as its chief objective a comparison 
of the properties of welds produced with the loy hydrogen type electrode or 
with the cellulose type electrode, which has a high hydrogen contento The 
earlier work on this program vas concerned with a comparison of the 
properties of bead-on-plate welds produced . 'With these two types of 
electrode and subjected to various treatmentsl * e On the· basis of these 
* N.umbers in superscript refer to the references listed 
in the Bibliography at the end of the report0 
tests~ and related tests perfo:rmed elsevmere, it vas felt that the use 
of the low hydrogen electrode might resuJ.. t in a veld more resistant ·to 
- --
:repeated loadings than a weld produced with other eleetrodes o Therefore 9 
a program of smi:d1 seale, polished, all ... weld:-metal. spec:im~s 'Was designed 
to study this possibiJityo The results of' the tests of the preheated 
- -'- .--
2 
and air cooled· all-weld-metal specimens indicated that the weld metal 
deposited with the E70l6 electrode bad a fatigue strength about 25~OOO 
psi greater than the fatigue strength of the veld metal. deposited with 
the E60l0 electrode when the 'Weld pads were preheated and air cooled o 
The greater fatigue strength of the weld metal deposited with the low 
hydrogen electrode was reduced about 8,000 psi if the weld pad was water 
quenched t-wo minutes after each pass had been depositedo Slna.l1 scale~ 
polished specimens containing weld metal and base plate fractured at 
about the same fatigue strength as the base plateS) regardless of the 
electrode used to prepare the weld o 
On the basis of the encou:raging results from the all~Ieldc:a 
metal fatigue tests of the low hydrogen weld metal:> it was decided to 
inaugurate a series of fatigue tests -to determine whether this improve--
ment would be renected in tests of full scale yelded jointso The 
present investigation represents the second phase of this study of full 
scale welded joints~ a study of the fatigue and sta. tic properties of 
fillet-welded jointso The first phase was a study of the fatigue and 
static properties of full scale butt-welded jointso 
It is the purpose of the tests reported herein to compare the 
fa.tigue and static properties of longit1Jdins ] and tran:sverse fillet 
* .. 
welds produced with the E6010 and the E7016 electrodes. The three 
types of specimen shown in Fig. 1 were employed in the investigationo 
The tee fillet specimen was employed to study the fatigue and 
- -
static properties o:f transverse fillet-welded joints, de5i~ed to fail 
in the veld metal and te:5ted with the applied stress perpendicular to 
the direction of weldingo In addition to the comparison of the weld5 
prepared with the E70l6 and the E60l0 electrodes, the tee fillet speci-
men was also used to investigate the possible effects of the following: 
(1) using low hydrogen electrodes meeting the mill tary specification 
:Mil-E-9S6A (Mil ISO), (2 ) preheating to 300 deg. F 0, and (3) removing~ 
prior to testing, the paper spacers, which maintain the spacing between 
the plates during weldingo 
The investigation of the longitudinal fillet-welded joints 
was conducted to compare the fatigue and static properties of fillet 
welds for which the applied stress was parallel to the direction of' 
welding. The Type A specimen, a balanced static design, was employed to 
study the properties of fillet-welds failing in the outside plates at 
the end of the weld o Because the fatigue properties of a fillet-welded 
joint which fails in the plate would depend primarily on the geometry 
of the joint and the fatigue properties of the parent materia1~ tests 
of such a joint might not indicate differences in the behavior of welds 
* The designations E70l6 and E60l0 are somewhat misleading for the 
part:icular electrodes used in these tests ~ T ensile tests of all- 2 
weld-metal specimens, performed as a part of a previous investigation 
showed that the E7016 and E60l0 electrodes employed for these tests 
both deposited weld metal having a tensile strength of about 70, 000 psi 0 
prepared with different electrodes.Therefore~ th~ ~~ B 1ongi~ud~ 
specimen was designed to study the properties of fillet-welds for which 
failure oc'curs in the veld metale 
,.; 
20 Descn ption 'of Steel 
In order to more closely control the chemi~a1 con~ent9 and 
hence the weldabili ty, of the steel plate used in tJ:tese tests, the steel 
was ordered to comply with the American Bureau of shipping specification 
for Type B steele The chemical analysis and the physical properties 
of the steel are given in Tables 1 and 2~ respectively_ The steel meets 
both the AES specification and the ASTM A7 specification for chemical 
composi tion, but the average physical properties of the 3/4 ino thick 
plate~ do not meet either speCification for tensile strength, the average 
tensile ~trength being only 57,200 psi. One sp~imen had a tensile 
strength as low as 55,500 psi. The 3/8 ino thick plate met both 
specifica tions ft 
The steel was supplied as 3/4 ino thick pla. tes which were 6 fto 
wide by 12 fto long and as 3/8 in" p1ate~ which were 4 fto wide by 12 fto 
long 0 The locations of the test specimen~ in the parent plates are 
sho'WIl in Figs 0 2 through 7 () 
3. General Welding Procedures 
As previously indicated, low hydrogen E7016 and high cellulose 
E6010 electrode:! were u~ed to prepare some of the specimenso Because 
moisture in the electrode coating can contribute materially to the amount 
50 
of hydrogen absorbed. in the veld meta.l~ the E7016 electrodes were stored 
!nan oven at a temperature of about 250 dego F 0 for at least one week 
prior to useo A storage procedure is recommended for the loy hydrogen 
- - - -
type electrodes" but not for the E6010 electrod~~_ b~~au~e a sli~t amount 
of moisture in the coating has a beneficial e~f oo~ _ ~n the <?pera ting 
characteristics of" the latter elect:rodelJ A previous, limited study of 
the effect of different 'Welding procedures3 indicated that oven storage 
of the E60l0 electrode had no appreciable effect on the fatigue proper= 
ties of allCIDweld-metal specimens~ Therefore£, the E60l0 electrodes 'Were 
not oven stored prior to use. The electrodes used in the investigation 
were from the same groups~ respectivelYD as those ~ployed in other phases 
of the tests comparing the fatigue properties of welds prepared with the 
E6010 or the E70l6 electrodes 0 
The welding power was supplied by a 400 ampere capacity, 
direct current generator of standard manufactureo To increase the 
probability of duplication of welding conditions from one specimen to 
another~ the welding generator was adjusted approximately to the values 
shown in Table 3 by mean~ of a portable voltmeter and a:mmeter connected 
as close to the arc as practi~a1o 
no TEE FILLET-WELDED JOINTS 
40 Preparation of T'ee Fillet Specimens 
The tee fillet specimen, sho\m in Fig 0 la~ was used to stu~y 
the fatigue and static behavior of transversely stressed fillet welds 
which fracture in the weld metal 0 The tee fillet specimen was selected 
for this phase of the investigation because of:.~ ts simple design and ease 
of fabricationo FurthermoreS) the use of this specimen allowed comparison 
'With a previous series of tests reported in Bulletin 380 of the Univer= 
sity of Illinois Engineering Experiment Station4 • 
A series of tests was conducted to compare the fatigue proper.." 
ties of joints prepared with the Fil0l6 or with the E60l0 electrodes 0 
Additional tests were .conducted to investigate the possible effects of 
(1) using low hydrogen electrodes corresponding to the military speci .... 
fication Mll ... E-986A (Mil 180)~ (2) preheating to 300 dego Fo~ or (3) 
removing~ prior to testing, the paper spacers~ which maintain the proper 
spacing between the pIa taB during welcling 0 
Each specimen was com}XlSed of two 7 iD.. by 3/4 ino by 16 inc 
longi.tudi na 1 plates which "Were welded to a 2 ino by 3/4 in" by 7 ine 
transverse tee plateo The direction of rolling of the longitudinaJ. plates 
was parallel to the direction of the a.pplied stress 0 All of the plates were 
first flame-cut from the parent plateo In preparation for 'W'e1ding9 one end 
of the longitucHnal plates was machined perpendicular to the plane of the 
pla. te 0 In order to remove the mill scale and the surface irregularities 9 
each face of the tee plate was machined to a depth of Ot'025 ine 
Before welding, the specimens were clamped securely in a jig, 
- , 
as sho"WIl in Fig. 8, which could be rotated 180 degrees about a horizontal 
~s to permit deposition of each weld in the horizontal position~ 
Uniform spacing between the longitudinal plates and the tee plate 'Wa~ 
maintained by use of paper spacers consisting of eight thicknesses 
(00027 ino) of No~ 20 bond paperCJ Before completion of the first veld, 
the tee plate was held in place' by a plate which was clamped to the under .... 
side of the jigo 
A 4 ino long, single pass, fillet weld was manually deposited 
in each intersection of the joint using the welding procedures given in 
Table 3. Each weld was deposited with a single electrode and the 
direction of welding was alternated for succeeding velds as indicated 
in Fig" 9ao A cooling period of 15 minutes was allowed between passes 
to secure an interpa.ss temperature of less than 200 dego F 0 As a check 
on the interpass temperature, pyrometer measurements were taken 
immediately before welding succeeding passeso After the final weld, 
the specimens were allowed to air cool for at least ten minutes before 
being removed from the welding jig G 
The low hydrogen electrodes employed in the comparison with 
the E6010 electrodes were commercially available electrodes purchased 
to conform to the American Welding Society designa. tion E70l6o Electrodes 
conforming to this specification can have a moisture content on the 
order of 2 per cent ,in the electrode coating" This mnall amOmlt of 
moi5ture in the electrode coating is still a pJtential source of hydrogen 
in the weld, and it may have a daInaging effect on the properties of the 
completed jointo To determine whether there would be an improvement of 
the :fatigue properties of tee fillet-welded joints prepared with electrodes 
containing- l'ee~ moisture in the coating, a series of four specimens was 
prepared with electrodes purchased to conform to the militar.r~pecifica­
tion Mil ... E-986A (Mil 180) 0 This latter specification is similar to the 
AWS specification E7016!} but it is more rigorous in requiring control of 
the moisture content of the electrode (limited to 008 per cent) and in 
specifying precautions to prevent the build-up of the moisture content 
prior to use of the electrodes 0 After a container was opened, the loy 
hydrogen Mil 180 electrodee 'Were placed in an oven :ror continuous storage 
at a temperature of about 250 deg~ F 0 The welding }rocedure:s were the 
SaJIle as for the E70l6 electrodes and the welding procedures are listed 
in Table 30 
In order to study what effect, if any, preheating might have on 
the fatigue and static: properties of the tee fillet specimen!} a series 
of eight spec.imens Sl four each prepared with the E60l0 and the E7016 
electrodes, 'Was preheated to a temperature of 300 degoF 0 before welding" 
After the specimen had been positioned in the "W'elding jig, the region 
around the tee plate was heated to a temperature of 350 to 400 deg o F 0 
"With a manually operated heating torcho The impingement of the heating 
torch partially removed the mill scale from the surface of the longi.,. 
tuclinal plates near the jointo The joint was allowed to air cool to 
300 deg c F 0 so that the temperature would be mo re uniform throughout 
the jointe Welding was started when the longitudinal plates reached 
a temperature of 300 deg" F 0" as determined by the use of a contact 
pyrometer. The tee plate vas generally at a temperature ·of 330 to 350 
deg. Fo when the longitudinal plates had cooled to the welding tempera-
ture 0 Before each succeeding weld was started, the weldment 'Was allowed 
.-- . 
to air cool to a temperature of 300 dego F. so that all four welds would 
be deposi ted with the temperature of the longitudinal plates at the 
preheat te.mperatureo 
All of the specimens described above were tested with the paper 
spacers in place; the contraction of the weld metal held the spacere 
firmly in place after the welds had cooled. Naturally, these ~pacers 
affect the restraint of the joint and might influence the fatigue 
properties of the jointo To investigate the possible influence of this 
variable, four specimens were prepared in the standard manner 9 described 
previously, using E70l6 electrodes·o Before testing, however, the paper" 
spacers were removed by making a fine sawcut in the longitudinal plates 
along the face of the tee plates. As can be seen in Figo lO~ no weld 
metal was removed by the eawcut, which extended. inward about 1/2 ino 
~rom the outside edge of the plates. 
5 It Te~t Procedures 
Prior to testing9 the throat and leg dimensions were measured 
at f:i.ve points aJ.ong the weld with the gage show. in Figo lie It would 
be impossible to determine the actual stress at any p:>int in the weld 
because o:f the complex nature of the stress distribution and the influence 
of local irregulari tieeo Therefore, the results have been interpreted in 
terms of a nqminal stress which was computed by dividing the applied load 
100 
by the throat area of the two weIde on one face of the tee plate. The 
throat area is the area along a 45 deg" plane through the weld from the 
intersection of the plate~ to the erlremi ty of the throat. After a 
fati.gue crack had formed, the specimens were pulled apart statically 
in order to measure the fracture area. The width of the £racture sur-
face vas measured at five points along the weldo The comparitive.areas 
determined from the external measurements and from the fracture dimen-
sions are given in Table 4. 
The fatigue tests were performed at room temperature in a 50,000 
Ibo capacity Wilson lever type fatigue machine which ran at a speed of 
appro::ximately 300 cycles per lDinute. The essential features of this 
machine, shown in Fige 12, are a variable throw eccentric which transmits 
force through a dynamometer to a lever which in turn tranmni ts the force 
to the upper pull head at a multiplication ratio of appro:ximately 10 to 
I. The load, measured with SR-4 strain gages momlted on the dynamometer l' 
was adjusted to provide a stress cycle varying from a minimum tension of 
approximately 350 psi to the desired maxiJnum tensiono Twice during the 
test program, the :fatigue machine was calibrated statically with a 
calibration blank which was inserted in the machine in place of the test 
specimen. This calibration blank, which had SR-4 strain gages mounted 
on its 5Urface, bad previously been statically calibratedo 
Continuous operation of the fatigue machine was p:>ssible because 
it was equipped with a micro-switch which stopped the test if the maximum 
deflection of the .specimen increased" In order to maintain the desired 
.1oadS) it was n:ecessary to adjust the machine frequently at the start of 
a te5t~ but only about once a day after the first day of testing. 
Occasionally, a crack would" become visible som.ewha t before the machine 
was stopped by the micro-switch; however Sl in order that the data might 
be consistent, the test was continued and failure was reported. as the 
number of oycles at which the micro-switch stopped the test~ 
A a to 20~,OOO psi strees cycle was employed "in the tests to 
investigate the effects of (1) using military specification~ low hydrogen 
elect,rodes~ (2) preheating the specimens!i and (3) removing the paper 
spacers prior to testing 0 This stress level was chosen because failure 
would occur after a relatively small number of cycleso 
The static tests 'Were performed in a 600,000 Ibo capacity 
Riehle testing machine at a strain rate of 0005 ine per minuteo In 
order that the progression of yielding and failure might better be 
observed~ several of the static specimens were given a coat of white-
wash 0 During the tests of the whitewashed specimens, the test machine 
was stopped several times in order to photograph the progession of 
yield:ingo 
60 Results of Fatigue Tests of Specimens Prepared "With 
E60l0 and E70l6 Electrodes 
The fatigue failures occurred in the weld metal for all of the 
tee f'illet specimens and the failures were generally on a surfac e 
approximately through the throat of the we1d o The test results are 
presented in Table 5 and in Figo 13e 
The results in the ~ diagram (stress as a function of the 
number of cycles of stress to failure) are plotted in Fige 13 using the 
value of the stress determined from the external throat dimensionso As 
can be seen in the SN diagram£) the results are so errs. tic tha t the scatter 
bands from the welds preplred with the two electrodes overlap to a con-
siderable extento Thus s there is no pronolIDced advantage for either 
electrode for the tee fillet-welded joints, although none of the E7016 
specimens had as low a fatigue strength as the weakest E6010 specimens 0 
Two of the E6010 specimens, R81 and H69 ~ had a large BIn?unt of !=Orosi ty 
in the weld craterS' which was at the end of the weld through which the 
fatigue cxa.ck progressedo- The fact that the use of the E7016 electrodes 
seems to eliminate the possibility of exceptionally low fatigue strengths 
might warrant their use in a joint subj ected to repeated loadings 0 
The fatigue strengths corresponding to failure at 100£)000 and 
. * k 
at 20 000,000 cycles have been computed from the formula" f = S(N/n) £J 
where S is the stress at which the specimen failed after N cycles, n is 
the number of cycles for which the fatigue strength~ f ~ is desired~ and 
k is an experimental constant determined from the slope of the SN curve o 
Because of the large amount of seatter occurring in these tests ~ the 
value of k = 0.25 was selected from the tests of tee fillet specimens 
4 . . 
reported in Bulletin 380 0 From the values of f lOO 000 and f2 000 000 ~ ~ 9 
listed in Table 5, it may be seen that the average fatigue strength 
corresponding to failure at 2 9 000,000 cycles was about 19000 psi greater 
* See University of illinois Engineering Experiment Station 
Bulletin 302, p. 1110 
for the Ei016 sIE cimens than for the E60l0 specimensQ Similarly, the 
average fatigue strength for failure at lOO~OOO cycles ~~s about 39 000 
psi gl"eater for the E70l6 s~ cimens than for the E6010 specimens 0 How-
ever£) in each case, the difference is due primarily to the very low 
fatigue strengths of the E6010 s}:'B cmens H69 and HSI and the exceptionally 
high fatigue strength of the E'70l6 s}:e cimen H82c 
The results from the previous series of tests4 of tee fillet 
specimens, welded with the E60l2 electrode~ are tabulated in Table 6 and 
are plotted on the SN diagram of the present series in Figo 130 It is 
noted that both types of electrode used in the present tests gave fatigue 
strengths which were about 2~000 psi to 6,000 psi greater than those of 
the previously tested E6012 jointso 
The inerease in the deflection' of the specimen after a fatigue 
crack had initiated was of so small a magnitude that the crack would 
often progrees extensively before the machine would be stopped by the 
miCTO=S'Wi tch; in several cases, both welds on one face of the tee plate 
were almost completely fractured before the test was stoppedo 
After completion of the fatigue tests ~ the specimens were 
pulled apart statically in order to examine the fracture surfaceso During 
the static phase of the test, the weld in which the fatigue failure 
occurred was generally separated to some extent from the tee plateso 
Examination of the fracture surfaces did not disclose the point 
of initiation of the fatigue failureso However~ the fatigue cracks of 
the E60l0 s}Scimens were generally at the crater end of the weld 9 whereas 
the cracks in the E70l6 welds occurred about as often at the era ter end 
14. 
of the weld as at the strike end o The craters of the E60l0 velde 
generally contained visible porosityo Photographs of typical fatigue 
cracks and typical fracture surfaces of the tee fillet.,..welded joints 
- . 
prepared with the E60l0 and with the E70l6 electrodes are shown in 
Figso 14 and 15 9 respectively 0 
A comparison has been made in Table 4 between the areas 
determined from the external dimensions. and from the dimensions of 
the £racture surface o The areas determined by the two methods differed 
as much as 20 per centc The ratio between the external ar~ A
e
, and the 
f"racture area9 Aflj) has been determined in order to compare the welds 
prepared under different conditionso IT a specimen has a ratio greater 
than unity, the weld might not have had complete penetration; however ~ 
the fracture area is a function of the cuxvature of the fracture surface 
and of the location of the fracture surfaceS) as well as being a function 
of the penetration of the 'Weld Cl 
The values of the ratios for the specimens prepared with the 
E6ol0 electrode vary from 0091 to 1 0 20, but the average vaJ.ue is 
approximately 1000 Booause most of the ratios for the specimens pre= 
pared with the E7016 electrode were greater than leO, the ~016 welds 
might not have had complete penetrationo However 9 no correlation was 
fOlID.d between the low or the high ratios and low or high fatigue strengths 
:tor the E6010 or the E70l6 specimenso It is interesting to note that the 
one Mil 180 specimen for which more than 100 per cent penetration is 
indicated had a substantially greater fatigue strength than the two 
specimens that had ratios greater than'100 9 the latter ratio indicating 
a lack of penetration~ 
7 0 Results of Fatigue Tests of Specimens Prepared rl th Electrodes 
Conforming to Mill tati . Specifica tionMil-E-986A . (Mil 180) 
- _. -
The low hydrogen electrodes conforming to the mill tary specifi-
- -
cation produced a more uniform weld than the E70l6 electrode and the slag 
was easier to remove o As shown in Table 5 and in Fi.go l?~ the. results 
of the specimens prepared 'With the Mil 180 electrodes lie in the upper 
- - -
half of the scatter bands from the tests of the tee fillet-welded joints 
and have an average fatigue strength of 28,700 psi for failure at 
100,000 cycleso Thus~ for failure at lOO~OOO aycles, the average fatigue 
strength of the Mil 180 tee fillet specimens is about 6,000 psi greater 
than that of the E60l0 specimens and about 3~OOO psi greater than that of 
the E7016 specimens 0 However, only three Mil 180 specimens were testedo 
The results of each of these three tests were IDa tched by the results of 
a test of an E'70l6 specimen, a fourth E7016 specimen (H66) tested on a 
o to 20,000 psi cycle failed at a lower number of cycles than any of the 
three Mil 180 specimense It would not be proper to derive a:ny final 
conclusions concerning the performance of the two types of low hydrogen 
electrode from their average fatigue strengths based on so few testso 
The fact that the mill scale was not removed from the areas of 
the longitudinal plates at the fillet joints might offer a partial 
explanation for the scatter of the test results o The fusion between the 
weld metal and the base plate is probably not as good in a region where 
impurities are introduced in the fom. of mill scale o This supposition 
would seem to be strengthened by the fact that two of the specimens with 
160 . 
their paper spacer~ removed and one using the Mil 180 electrode separated 
slightly from the longitudinal plates as vell as failing in the throat 
of the weld o 
8 " Results of Fatigue Tests of Preheated Specimens 
The results, given in Table 5 and in Figo 13 9 from the tests of 
the tee fillet joints preheated to a temperature of 300. deg. F 0 indicate 
that the preheated specimens did not exhibit as much scatter as the 
specimens 'Without the preheat treatmentc The average fatigue strength 
of the preheated E6010 specimens was 23 9 700 psi for failure at 100~000 
cyclesS' an incxease of 1,000 psi compared to the fatigue strength of the 
E6010 sf6cimens without preheating; but, as can be seen in the SN. 
diagram, the fa tigue strengths of the preheated E6010 specimens were 
in the same range as that of most of the E6010 specimens tested at 
20 ~ 000 psi 'Wi. thout the hea. t treatment 0 
Generally, the 300 deg. F 0 preheat increas~ the fatigue 
strengths of the welds prepared with the E7016 electrodes, aJ. though 
the results of the tests of the preheated specimens lie within the seatter 
band of the specimens prepared without a preheat trea tment o For the 
preheated E7016 jointss) the average fatigue strength corresponding'to 
failure at 100,000 cycles was 3,000 psi greater than that of the E7016 
specimens without the heat treatment o The preheated E'7016 joints had 
approrlma te1y the same average fatigue strength as the specimens welded 
with the Mil 180 electrodes & 
Much of the mill scale was removed from the area around the tee 
plate by the preheating processs In addition to that removed during 
170 
preheating~ some of the mill scale was filed off to facilitate measur-
ing the temperature of the plates 'With the contact pyrometer 0 However, 
. it is not certain that the resulting condition would be beneficial as 
the presence of the remaining j loosened mill scale might be as 
detrimental as a uniform coating of scale 0 Separa tion of the longi~ 
tlJdlnaJ plates from the welds was not noted for any of the preheated 
specimens 0 
The data in Table 5 show that four of the preheated fatigue 
- -
specimens failed in the 4th weld, one in welds 1. ~d 49 and one in 
weld 30 The latter~ an E7016 -specimeni' was the only preheated joint for 
which the fatigue crack was not at an end of the weld o Generally there 
were defects in the fracture surfaces of the E601a sPecim~s9 but not 
in the fracture surfaces of the E7016 specimens 0 The position of a 
specimen in the testing machine had no effect on the location of failureo 
Thus 9 it appears that the final weld may be most prone to fatigue 
failure for the preheated tee fill et.....welded joint 0 
90 Results of Fatigue Tests of Specimens With the Paper Spacers 
Removed Before Testing 
The results in Figo 13 and in Table 5 of the tee fillet=welded 
joints prepared with the E70l6 electrode but tested with the paper spacers 
removed exhibit less scatter than any of the specimens without a preheat 
treatmentQ However;l the test results lie at the lower range of the 
scatter band of any of the present tests of tee fillet specimenso Thus~ 
it appears certain that the presence~ or absence 9 of' the spacers during 
test:ing affects the fatigue strength of the tee f'illet=welded jointo With 
the spacers in place 9 either the residual stress created when the weld 
metal contracts or some other effect of straining during cooling is some-
- . 
vbat beneficial to the fatigue strength of the jointc The thicImess of 
the spacers might also affect the test results 0 
The effect of the spacers might account for part of the differ-
ence betrJeen the present tests and the previous tests of E6012 weldso 
The previous report does not state the thickness of the spacers or 
whether or not the splcers remained in place duri-Ilg testingo However$) 
the previous fatigu.e strengths are even lower than those of the present 
speed . mens tested with the spacers remoyed 9 so that the effect of the 
spacers could not explai.."l all of the difference existing between the 
fatigue strengths of the present and the pr~lious tee fillet-welded 
joints 0 
100 Results of Static Tests 
The results of the static tests~ given in Table 7, indicate 
that the static strength of the tee fillet-welded joints is not greatly 
af'fected by any of the "Variables investigatedo Generail:>r, the weld 
sheared on a surface appro:xi:ma. tely through the throat of weld9 but some-
what on the side to'..Iard the longitudinal plate 0 Specimens H85 and H142~ 
Figso 16 and 17 ~ bad one of their welds shear approximately th-'Y'Ough the 
line of fusion between the weld metal a..1J.d the longi tudinal plate 0 The 
pattern of yielding, indicated by the flaldng of the whitewashed speci-
mens Sh01~ in Figo 179 appeared to be similar for all of the whitewashed9 
19. 
static~ tee fillet specime:o.s 0 The area of the longitudinal plates is 
such that the nominal stress in the plates was 0n?-y about 2~sOOO psio 
Howev~r~ because of the stress concentration at the we~d, some yielding 
took place in the sections of the plates adjacent to the welds 0 
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IIIQ IDNGITUDINAL FILLETe»WELDED JOINTS 
lio Preparation of ~! Longitudinal Specimens w.i.~h 1. in. Fillet Welds 
The Type A longitudinal fillet-welded joint Yas employed to 
study the fatigue and static properties of longitudinal fillet-welded 
joints failing in the outside plates at the end of the weld. The design 
of the joint was based on a balanced static design str~s s ratio of 18 Sl 000 
psi in the outside plates to 13~600 psi across the throat of the weld o 
As sho'Wll in Fig. Ib, the specimen consisted of a 12 in" by 3/4 ino 
by 2 fto-4 ino center plate joined to two 12 in. by 3/8 ino by 
2 ft~-5 in& outside plates by four 7 in. long; single pass, 5/16 ina 
fillet weld~o The outside plates were reduced to a 6 ino 'Width in the 
test section 0 
All of the plates were first flame cut from the par en t plate 0 
After flame cutting, the test sections of the outside plates 1-Tere machined 
to a 6 ino width in the test section and draw filed, the mill scale was 
ground off of the areas of the center plate where the weld was tv be 
deposi ted o Before welding, the specimen 'Was securely clamped in a jig, 
as shovm in Figo 18~ which could be rotated 180 degrees about a han.,.. 
zontal aris to allow the deposition of each pass in the horizontal 
pos:i tiono In positioning the pIa tea in the welding jig~ the center 
lines of the outside plates "Were carefully aligned with that of the 
center plateo After welding had been completed1 the bolt holes were 
drilled wi tb. reference to the center line of the specimen so that the 
welds would be parallel to the direction of the applied loado 
The 7 ino length of the single pass fillet weld required 
a change of electrode which was made at its midpoint., As indicated in 
Figo 9~ welds two and four were deposited with the weld. craters at the 
end of the weld from which the fatigue crack started, whereas welds one 
and three were started at the ends and welded toward the midpoint" A 
45 second interval was allowed between the deposition of the first half 
and the second half of each weldo The second weld 'WaS deposited on 
the same face of the specimen as the first weld immediately after 
completion of the first weld; however~ fifteen minutes elapsed between 
the deposition of the second and the third welds to allow the tempera-
ture of the weldment to cool to 150 dego F 0 or less before the remaining 
_ two welds were deposited on the opposite face of the specimeno Just 
berore the third weld was started, the temperature of the plate was 
measured with a contact pyrometero The fourth weld was deposited 
iIDmedia tely after the completion 0 f the third weld and the specimen was 
allowed to air cool for at least 10 minutes before being removed from 
the welding jig 0 Clo sa-ups of the longitudinal fillet welds are shown 
in Figo 190 
12., Freparation £! ~ ~ wngitudinaJ Specimens ~ £t ino Fillet Welds 
The Type B longitudinal fillet-welded joint was designed so 
that failure should occur in the weld metalo A stress of 189 000 psi in 
the outside plates corresponds to a ~tress of 46~OOO ps~ on the throat 
of the weld 0 A.s shovm. in Fig 0 Ie ~ the Type B l?ngi tudinal spacimen con""" 
sists of a 12 ino by .. 3/4 inc b:1!.t2- ftc-4 ino center plate joined to two 
, . .1 
22" 
9 ino by 3/4 ino by 2 ftc-2 inc outside plates by four, 4 in_a long, 
single pass, 5/16 ine fillet welds o All of the plates were first fiame-
cut from the parent plateo After fiame-cutting 1 the outside plates were 
machined to a 6 ino test width and drawCIOfiled, the mill seale was ground 
off of the center plate wher~ the welds were to be depositedo 
The sheared. end of plate 6 from which the outside pIa tes of 
specimens H120 through Hl23 were cut was bent by the shearing operation 
for a distance as great as 6 ina from the sheared edgeo Both outside 
plates of specimen Hl20 and one of specimen Hl21 were machined with the 
warped end of" the plate in the test section" The latter plates were 
mechanically straightened in a l20~OOO lb o Baldwin hydraulic testing 
machine before the welds were deposi ted 0 Most of the other plates which 
were flame-cut from this sheared edge also required straightening~ but 
their test sections were about 20 ino away from the sheared edge of the 
plate a 
The ends of the outside plates of specimens H121 and Hl22 were 
slightly warped so that it was necessary to pry the outside plates apart 
in order to p:lsi tion the specimens in the fa tigtle machine 0 Before the 
ends were pried apart, clamps were placed on the outside plates between 
the end of the weld and the end of the cen ter plate so that force would 
not be applied to the welds., 
Before welding, the Type B specimens were clamped in a welding 
jig which 'Was basically the same as that used for the Type A specimens 0 
The jig allowed the specimen to be rotated 180 degrees about a horizon-
tal axis so that each weld could be dep:>si ted in the horizontal ]?Osi tiono 
In positioning the plates in the welding jig, the center lines of the 
test section of the outside plates were carefully aligned with that of 
the center plate. After welding had been completed, the ~olt holes were 
drilled with reference to this center line so that the direction of 
welding would be parallel to the direction of the applied load o 
Each 4 in 17 fillet weld was depo sited with a single el ec trode; 
the sequence and the direction of welding are indicated in Figo 90 The 
second weld was deposited immediately after the first, but the weldment 
was air cooled for ten minutes between the second and the third welds 
to allow the temperature of the joint to cool to 150 dego F 0 or -less 
before deposition of the remaining two weldso The fourth weld was 
deposited immediately after the third and the completed specimen wa~s 
alloyed to air cool for at least ten minutes before being removed from 
the welding jigo Close-ups of the longitudinal fillet welds are shown 
in Fige 190 
130 Test Proc:edures 
Both types of longitudinal fillet weld specimen were tested 
in a 200~000 lb. capacity Wilson lever type fatigue testing machine 
which ran at a speed of approximately 200 cycles per minute o This test-
ing machine is essentially a larger model of the 50,000 lb. capacity 
mach:ine used to test the tee fillet-welded joints and described in 
Section 8 0 However, the operation of the 200,000 lb o capacity machines 
dif£ers from the smaller machines in that the load is measured by use 
of a mechanical Ames dial which is placed in the throat of the 
24ci 
dynamometer 0 The specimens were tested on a stress cycle which 
varied from a small tension~ required to keep the bearings properly 
seated during a test, to the maximum desired tensiono 
Continuous operation of the fatigue machines was possible 
because it vas equipped with a micro-switch which stopped the test if 
the maximum deflection of the specimen increased 0 In 0 roer to main-
tain the desired load, it 'Was necessary to check the load frequently· 
at the start of a test~ but only about once a day after the first day 
of testingo As in the tests of the tee fillet welds, failure was 
defined as the number of cycles at which the fatigue crack was large 
enough to cause the micro-switch to stop the fatigue machine o 
Before testing, the throat and the leg dimensions of the welds 
were measured with the gage shown in Figo l.l~ at about I in. intervals 
along the length of the fillet welds 0 The length of the welds and the 
size of the plates in the test section were also measuredo Because the 
Type A specimens were designed to fail in the outside plates~ the test 
load vas determined by multiplying the area of the outside plates by the 
desired stress o The Type A specimens were tested on a stress cycle~ 
referred to as a a-tension cycle~ which varied from a small tensile 
stress to a maximum tensile stress of 182'000 psi in the outside plateso 
This stress was selected on the basis of the results of a similar series 
of tests reported in Table 2 of Bulletin 3505 0 
Because the Type B longitudinal fille"tccwelded joints were 
expected. to fail in the weld metal, the sum of the throat areas of the 
four welds was used to compute the load required to obtain the desired 
25'0 
maximum stress of 25,000 psi on the throat of the weld tt This value 
of stress was chosen on the basis of the results of a similar series 
of tests reported in Fig 0 7 of Bulletin 3804 & 
The static tests were conducted in a 600,000 Ib.c·apacity Riehle 
testi.ng machine" Before testing, a coating of whitewash was applied 
to one face of the static specimens in order to observe the progres-
sion of yielding; the test machine was stopped during the test to take 
photographs of the specimens at various stages of yielding 0 
14. Results of Fatigge Tests of ~ ! longitudinal Specimens 
As expected, all of the Type A longitudinal fillet-weld fatigue 
specimens failed in the outside plates at the end of a weldo A sketch 
showing the location of the fatigue failures is given in Figo 200 As 
indicated in Table 8 and in Figo 21, the results were closely grouped 
with only specimen Hl49, an E60l0 specimen 9 failing after a number of 
cycles appreciably greater than the others 0 Although the end of the weld 
from which failure originated in the outside plates was very porous 9 the 
latter specimen resisted 50 per cent more cycles of stress than any of 
the other Type A specimens, indicating that ];)Orosi ty may not be detri-
mental and might be slightly beneficial to the fatigue strength of the 
joint if it occurs at the end of the weld from which fracture of the out-
side plates initiatese 
It was noted that all of the fatigue specimens failed at the 
ends of the welds which were in the same position relative to the test-
ing machine. Because the location of failure relative to the fatigue 
machine was the same for all of the specimens, r~gardless of which weld 
was at that location, it is possible that some bending stress was applied 
to the specimen C) 
The results of the past Q-tension fatigue tests of longitudinal 
fillet-welded joints Ylhich were similar to the Type A joints are given in 
Table 9 I) In. order to compare the fatigue strengths from the past and the 
present series of tests, it was first necessa~ to determine a suitable 
value of the empirical constant k for use in the equation, f = S(N/n)k 0 
The value of k was determined by plotting the average results from the 
past tests of series V, W, Z~ and EZ, reported in Bull~tin 3505, and 
determining the value of k for the curve which best fits these pointso 
This average value of k9 0028, was used to compute the fatigue strength 
corresponding to failure at 100,000 cycles and at 2,000,000 cycles for the 
past and the present series of testso 
The past tests indicate that the fatigue strength decreases 
as the stress in the welds is increased relative to the stress in the 
outside plates~ i~e09 as the ratio of the width of the plate to the length 
of the welds increases f) Comparison of the results of the present tests 
of the Type A specimen with those from the past tests of the Z and EZ 
series, which also had a balanced static design stress .ratio, shows that 
the present specimens had the same average fatigue strengths at the past 
specimens 0 
150 Results of Static Tests of ~ ! Longitudinal Specimens 
The results of the static tests of the Type A longitudinal 
fillet-welded joints are tabulated in Table 10. As ~~ht be expected, 
both the E6blO and the E70l6 sp3cimens failed in the outside plates at 
the same atresso Figso 22 and 23 show photographs taken at intervals 
during the tests of the whi te'Washed sta. tic specimens 0 The pro gres sian 
of,'y:i.eiding was similar for the E60la and the E70l6 specimens, however, 
yielding in the outside plates occurred at a much lower load and was 
generaJ.ly more extensive in the E60l0 specimen than in the E70l6 specimeno 
The y:Lelding of the E70l6 specimen extended to the end of the outside 
plate~ whereas yielding progressed only to the end of the 'Weld in the 
E60la specimeno Some of the differences in the amount or pattern of 
yielding indicated by the cracking of the whitewash might have been 
caused by differences in the thiclmess of the whi tewasho 
Both of the outside plates of the E'7016 specimen failed in the 
outs:ide plates at the ends of the welds by tearing from one side of the 
plate to the othero After one outside plate of the E601a specimen 
fractured, the welds on the other side of the specimen sheared through 
the throat of the weld o 
160 Reeul ts of Fatigue Tests of ~ ~ lDngi tun; nal Specimens, 
The results of the fatigue tests of the Type B longitudinal 
filleiF-welded joints are presented in Table II and in Fig. 210 Although 
the Type B specimens were designed to fail in the weld metal" specimens 
Hl21 and Hl22, prepared with the Ebala and the E70l6 electrodes%) 
respectively,. failed in an outside plate at the end of the 'Weld after 
reeieting about three times as many cycles of stress as those that 
failed iIi the weld metal 0 As was the case for the Type A specimens 
(all of which failed in an outside plate at the end_ ?f_.~_ ~~r.eld) S' there 
vas practically no difference between the fatigue strengths of the two 
Type B specimens which failed in the outside plate" The latter speci-
mens were the ones which required leverage to p:>sition them in the 
machine because the outside plates were bent. The failure of the E6010 
specimen, Hl21~· .occurred. in plate Hl2lA1) which bad been mechanically 
straightened in the test section. Specimen Hl22 'Was not straightened 
in the test section. Because the two Type B specimens that failed 
in the outside plates bad essentially the same fatigue strength, it 
would appear that the yielding required to straighten the test 
section of plate Hl21A may not have affected the fatigue strength of 
the jointo 
The remaining four Type B specimens failed in the weld metal 
on a surface approximately through the throat of the weld o Of these, 
the ~016 specimens resisted at least 50 per cent more cycles of stress 
than the UOla specimenso Typical fatigue failures of the Type B speci-
mens are shown in Figo 24. The fracture surfaces of the two E6010 
specimens~ which failed in the yeld metals) contained defects lJ probably 
FOro sit yo It is p:>ssible that, for the specimens which failed in the 
weld metals) the small difference between the fatigue strengths of the 
welds produced with the E6010 and the E7016 : electrodes waS- caused by the 
presence of the defects in the weld metal of the Ebalo specimenso 
Generally ~ welds produced with the E7016 electrode are relatively free 
from defects; therefore~ their use might be justified in preference to 
the E6010 electrode for use in fillet welds subjected to repeated loads o 
Because the welds were not numbered on th~ ~e ~ specimens~ 
no correlation could be made between the location of failure and the weld-
ing sequenc~o However, the major weld metal f~ilures all occurred on the 
south side of the specimen in the lnachine o Three of these specimens had 
both of the welds on the south side almost completely fractured before 
the -test was stopped by the micro-swi tcho As a consequence, it was dif-
ficult to determine which weld started to fail firsto The fourth joint 
whiCh failed in the weld meta1~ Hl09, an E60l0 specimen, failed in .the 
southwest weld only; but the weld metal of specimen Hl09 was abnormally 
:r:orous throughout its length and failure occurred at a low number of 
cyclese Specimens Hl21 and H122 both failed in the plate at the end of' 
the northeast weId o 
Ofte.n~ subsequent examination of the fractured fatigue speci-
mens revealed the existence of minute fatigue cracks in the outside 
pIa tes at the ends of the welds 0 These small cracks were found not 
only in the specimens for which the principal failure occurred in the 
outside plates at the end of one of the other welds, but also in the 
specimens for which the principal failure occurred in the weld metal 0 
Thus, for the four specimens which failed in the weld metal~ a small 
improvement in the fatigue properties of the weld metal might shift the 
location of the failure from the weld metal to the outside plateso 
The results of the past fatigue tests, reported in Bulletin 
38049 of a series of E6010 longitudinal fillet-welded joints similar to 
300 
the present Type B longi tndinal fillet-welded jomts are given in 
Table 12 and are plotted vith the present results in Fi·go 220 The 
fatigue strengths of the two present Ei'016 specimen~ which failed in 
the weld metal are about the same as the average fatigue strength of 
the past te~ts, whereas the fatigue strengths of the wo present E6010 
speciJnens which failed in the weld metal are lower than the previous 
tests of E6ala specimenso However, both of the present Type B specimens 
which failed in the outside plates have fatigue strengths greater than 
those of the previous testso 
170 Results of Static Tests of ~ ~ Longitudinal Specimens 
Before the static tests were started, one side of each specimen 
was whitewashed so that the progression of yielding could be studied 
during the test 0 The Type B static specimens both failed~ as reported in 
Table 10~ at abou~ the same stress by shearing of the welds on a surface 
approximately through the throat of the weld o Yielding, as indicated by 
cracking of the whi:tewashed surface, appeared to occur initially in the 
center plate of the E7016 specimen at a slightly lower stress than the 
ini ti.al yielding of the E6alO specimen, which occurred in the outside 
plate 0 The center plate of the E60l0 specimen yielded a.t a stress which 
was about 50 per cent greater than the stress at which the center plate of 
the. E7016 spec:ilJlen y:i.eldedo The outside plate of the E7016 specimen did 
not appear to y:ieldo The progression of yielding in the E70l6 9 Type B, 
static specimen is show in FigfJ 250 
J11!l 
IWo SDMMARY AND CONCLUSIONS 
18" Summary 
The purpose of the present investigation is to determine and to 
compare, quantitative1yp the fatigue and the static properties of fillet-
~ . .. ~ 
welded joints prepared with the low hydrogen E7016 electrode or with the 
high cellulo se E6010 electrode. Three types of specimens have been 
employed in the investigationo A tee fillet-.welded joint was selected to 
study the fatigue and static properties of fillet welds tested with the 
applied load perpendicular to the direction of welding and two types of 
longitudinal fillet-vslded joints were selected to study the fatigue and 
static properties of fillet welds tested with the applied load parallel 
to the direction of weldingo 
The average fatigue strengths of the various tests of the tee 
fillet specimens~ all of which failed in the weld metal~ are summarized 
in the following table: 
SPECIMEN 
E60l0 
E70l6 
Mil 180 
E'70l6, Fa. per Spac ers Removed 
E60l0;> 0 Preheated to 300 F 
E70l6, Preheated to 300°F 
AVERAGE FATIGUE· STRENGTH 
Stress on ThrOat. of Weld 
flOO,Ooo f29000,000 
psi psi 
22,600 
25,700 
28S)700 
2l~900 
23~ 700 
28,900 
l2~200 
13 9100 
14~000 
The design of the Type A longitlldi n a1 fillet-welded joint, which 
bad 7 in. welds, was based on a balanced static design stress ratio of 
18,000 psi in the outside plates to 13,600 psi on the throat of the 
'Weld~ Failure occurred in the outside plates at the end of the weld for 
all of the Type A specimens" The Type B longitudinal fillet-welded 
joint, which had 4 in" weldS, was designed with a stress of 18,000 psi in 
the outside plates corresponding to a nominal stress of 46,000 psi on the 
throat of the weld o Four of the Type B specimens failed in the weld 
metal, but two specimens (one E6010 and one E70l6) failed in the outside 
plates at the end of the weld. The average fatigue strengths of the longi-
tudill81 fillet-welded joints are summarized in the following table: 
AVERAGE FATIGUE STRENGTH 
ELECTRODE Stress on Throat of Weld Stre5s in Outside Plates 
* 
EbolO 
E70l6 
£100 9 000 
psi 
floo,ooe 
psi 
f 2~eOO,000 
. psi 
Type A Longitudinal Fillet Weld Specimens 
22,700 
21S1500 
Type B Longitudinal Fillet Weld Specimens 
E6010 
Fl016 
'Zl,ooo* 
28,000* 
8~300 
8,400 
One specimen failed in the outside plates at the end of the 
weld; therefore, the fatigue strength for fracture in the 
weld metal would be greater than is indica ted by the 
number of cycles to failuree 
Static tests were performed of each type of specimen used in 
the fatigue investigation and the results of the static test~ are 
summarized in the following table: 
MAnMTIM' STRmS' -, 
TYPE OF SPEr:IMEN 
Tee Filla~elded Joints* 
E60la 
'K"!016 
Mil 180 
~016, Paper Spacers Removed 
E60l0 g Preheated to 300
0F 
E70l6~ Preheated to 300~ 
Stre~s on Throat 
of Weld 
pfSi 
6~~OOO 
60£1400 
63~'200 
6lS'800 
61,900 
58i OOO 
TyPe A Longi~laJnaJ Fillet-Welded Joints** 
- -Stress in 
Outside Plates 
psi 
E6010 58~.500 
~016 58~400 
Type B Longitudinal Fille~Welded Joints* 
, E60l0 549900 
E7016 57 £)800 
* Fracture occurred in the weld metal" 
** Fracture occurred in the outside plateso 
190 Conclusions 
The following conclusions are based on the results of the tests 
of the tee ... fillet specimens, all. of which failed in the weld metale 
(1) A large amount of scatter was encountered in the tee fillet 
weld test5; however, the average fatigue strength of the specimens prepared 
wi th the E70l6 electrode was about 10 per cent greater than that of the 
speciJnens prepared with the E60l0 e1ectrodeo All of the E7016 joints 
had fa tigue strengths which were significantly grea ter than the 
exceptionally low fatigue strengths of some of theE60l0 joints. 
(2) The exceptionally low fatigue strengths of some of the 
spec:i.mens prepared with the E6010 electrode appeared to be caused by an 
abnormally large amount of porosity in the weld metalo The E7016 welds 
were relatively free from porosity. 
(3) The tee fillet joints produced with the low hydrogen 
elee-trades conforming to the Mill tary Specification Mil ... E-986A (Mil 180) 
had an average fatigue strength which was about 10 per cent greater than 
the average fatigue strength of'the Nl016 joints and about 25 per cent 
greater than that of the E60l0 joints. 
(4) Preheating to 300 dego Fo had little. effect on the E6010 
joints" but increased the average fatigue strength of the E7016 joints 
about 10 per cent so that they performed about as well as the Mil 180 
specimens & 
(5) Removal of the paper spacers prior to testing decreased 
the average fatigue strength about 15 per cento 
(6) The ultimate strengths of the statically tested tee fillet 
specimens varied from 58,000 psi to 63!)200 psi on the throat of the weld o 
The following conclusions are based on the results of the tests 
of the longitudinal. fillet-welded joints Q 
(1) The Type A fatigue specimens all failed in the outside 
plates at the end of the weldo The average fatigue strength of the Type A 
joints prepared with the E6010 electrode was about the same as the 
average fatigue strength of the specimens prepared with the E7016 
electrode It 
(2) Both of the 2Jtatic, Type A specimene (one E60l0 and one 
E7a16) failed at appro:x:i.mately the same ultimate stress and fractured 
in the outside plates at the end of the weIde 
(3) The fatigue strengths of the two Type B specimens (one 
E6010 and one E70l6) which failed in the outside plates were about 
6, 000 psi greater than the fatigue strengths of the Type B specimens 
-which :railed in the weld metalo Of the four Type B specimens failing 
in the weld metals) the two E7016 specimens had fatigue strengths which 
were slightly greater than those of the two E6010 specimen~o 
(4) Both of the Type B!) static~ specimens~ one each prepared 
with the E6alO and the E70l6 electrodes, failed at about the same stress 
by shearing approximately through the throa.t of the weIde 
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TABLE 1 
CHEMICAL COMPOSITION OF PLATE MATERIAL 
SPreIMEN ~ PLATE CHEMICAL CONTENT IN PER CENT 
NUMBER C Mn P S j Si 
HT4 10 0018 0068 Oc016 00-039 0003 
HT19 9 0016 0068 Oco15 00039 0004 
HT34 8 0,,18 0068 Oc016 00039 0003 
-
. Average 0017 0068 00016 0~O39 0003 
TABLE 2 
PHYSICAL PIDPERrDS OF PLATE MATERIAL 
MA.XIMQM PER CENT PER GmT SPOOIMEN YIELD POINT ·STRENClTH EIDNGATIDN REDUCTION OF psi psi AREA 
Plate 9:, 314ine 
HT18 33,800 57,400 32 61 
HT20 32,900 56,200 31 63 
HT23 31,800 57,300 32 63 
HT25 33,500 57,000 3·2 62 
Plate 8:- 3/4 ino 
HT32 32,3.00 56,700 31 62 
HT36 31S'100 55,500 33 60 
HT40 32,400 57,000 34 63 
HT43 32,800 56,400 33 62 
Plate 7~ 3/4; inc 
HT49 34,600 58,200 33 61 
HT54 34,400 59,000 32 62. 
Plate 6~ 3/4 inc 
HT59 36,800 589300 33 58 HT62 35,700 57 9 600 34 61 
Plate 5: 3/4 ino 
HT63 34,500 56,900 33 62 
Plate 8:: 3/8 ino 
HT65 39,900 61,400 30 51 
HT70 39,400 59,700 31 55 
.. ,~ 
Mill T:ests 
3/4 inc 39,250 64,600 30 Plate 
3/8 in., 38,700 65,700 29 Plate 
ELECTRODE 
E7016 
E6010 
Mi1l8D 
E7016(Preheated) 
E6010 (Preheated) 
E7016 
E60l0 
E7016 
E6010 
DIAMETER 
3/16 
3/16 
3/16 
3/16 
3/16 
TABLE 3 
WELDING PROCEDUR'ES 
CURRENT VOLTAGE 
amp 0 volts 
Tee Fillet Welds 
175 21 , 
150 26 
195 21" 
180 21 
150 24-
OPm 
CIBGUIT 
VOLTAGE 
volts 
87 
85 
86 
87 
86 
Type A Lon~tudinal Fillet Welds 
3/16 195 20-21 86 
3/16 170 23cc24 85 
Type B Longitudinal Fillet Welds 
3/16 195 20-21 86 
3/16 170 23-24 85 
AVERAGE 
RATE OF 
TRAVEL 
fue/mino 
400 
309 
500 
404 
406 
407 
405 
401 
401 
AVERAGE 
BUBN~FF 
:BATE 
ino/min. 
802 
8 0 8 
10<&0 
80 6 
805 
809 
905 
901 
904 
TABLE 4 
THROAT AREAS FROM EXTERNAL DIMENSIONS AND FROM DIMENSIONS OF THE FRACTURE SURFACE 
A Af A Af e ~ e A SPOOIMEN EXTERNAL FRACTURE SPECIMEN EXTERNAL FRACTURE a 
AREA AREA Af AREA AREA Af 
inc 2 in~ 2 inG 2 ino2 
·E6010 E7016 
H 33 ~8S 089 fJ99 H 34 1,,16 a98 1 ct18 
H 35 1·G 02 (t96 1006 H 36 1.06 Ct96 1010 
H 37 1~03 eS6 1020 H 3S 1.06 &89 1Ct20 
H 67 4)83 085 Cl9S H66 .96 093 1003 
H 69* ~92 
-- * 
H68 11i01 .91 1Ct11 
H 70 1~03 1006 ~97 H.80 083 076 1009 
H 71 &93 09'7 e96 H 82 ,,91 087 1004 
H Sl &97 1crfl 091 H84 .86 e81 1$06 
H 83 e98 4)99 ~ H 86 .,91 096 ~ 
Average 14)01 Average 1008 
E6010aPreheated 'Fn016"Preheated 
H 139 c90 c88 1802 H 138 e95 091 1()04 
H 141 aB3 oBI 1~04 H 140 ,,86 070 1021 
H 143 oB3 4)8, ~ HJ44 080 oB4 ~ 
Average 14>01 Average 1007 
Mil laO E7016.Pa~er S~cers Removed 
H 110 a>96 086 1012 Hl14 ~95 .88 100S 
H 111 4195 le>05 (\)90 H 136 1.02 096 1.06 
H 112 a>96 e86 1012 H 137 09'7 oS9 bQ2. 
Average 1~O5 Average 1008 
*Static portion of fracture did not occur along throat of weld o 
SPIDIMEN 
H 33 
H 35 
H 37 
H 67 
H 69 
H 70 
H 71 
H 81 
H 83 
* k :::; Oe25 
,',; ~""il.~.,;~ ·;_t\ .~.;:I~~~' ~ I?·i ~ >j~~LLbi~.li!i'UIII 
TABLE 5 
RESULTS OF PRESENT FATIGUE TESTS OF TEE FILLET-WELDED JOINTS 
STRESS 
psi 
CYCLES TO 
FAILURE 
103 
FATIGUE STRENGTH* 
flOO,OOO f2~OOO~000 LOCATION OF FATIGUE CRACK 
psi psi 
Specimens prepared with the E60l0 Electrode 
20,,000 28305 26,000 Strike end of weld 
15~200 482c4 22\)500 10,700 Grater end of weld 
19~900 208 41 0 23~900 Crater end of weld 
11,900 4~475 .7 ll\)900 Crater end of weld, porosity in 
the weld era ter 
12,,100 50606 8~600 Crater end of weld 2~ severe 
porosity in the weld crater 
13~OOO 3~468e8 135)000 Crater end of weld 2, severe 
porosity in the weld crater 
20,100 21109 241),200 Crater end of weld 
19\)000 86$9 .16\)500 Complete fracture of welds 1 and 4~ 
porosity in the weld crater 
15,100 928c2 12,400 Crater end of weld 2 
Average 22lJ600 11\)300 
,~;l.;,,:I;I,;,,:, ,,'~ ,;.'..: •. ;,1hiicl .... 
TABLE 5 (Contld~) 
RESULTS OF PRESENT FATIGUE TESTS OF 'TEE FILLEI'-WELDED JOINTS 
eycus TO FATIGUE STRENGTH* 
SFmIMEN STRESS FAILURE flOO~OOO f2~000,000 
psi 103 psi psi 
WGATION OF FATIGUE CRACK 
S128cimens l?re~red with the Wl016 Electrode 
H J4 14,900 400~4 21,100 10~OOO Crater end of weld 
H 36 20,000 2804>3 25,900 Crater end of weld 
H ~38 20,100 24309 25~100 Crater end of weld 
H 66 20~00O 175«14 23flOOO Strike end of weld 4 
H 68 14,800 538411 10,600 Crater end of weld 4 
H l~O llg900 1,837 ,,1 llj600 Strike end of weld 4 
H :~2 20jOOO 780()4 33~200 15\l700 era tar end of weld 2 
H 1M. 13 p10O 4~66503 13 pl OO Strike end of weld 
H :~6 l2~000 4 93l9()4 129000 Complete fracture of two welds 
Average 25 9700 12,200 
Specimens :Prepared with the Mil 180 Electrode 
H llO 20 j OOO 3114)1 26 9 600 Strikeena-'oI' weld '4~' weld separated 
slightly from longitudinal plate 
HIll 209 000 28300 25 9900 -- Strike end of weld 4 
H ll2 201J000 785~0 33 9 500 l5~800 Middle of weld 3 
Average 28 9700 15~800 
* k = Oc25 
1: "';J:)ili, 
TABLE 5 (Contido) 
R.Ii.SULTS OF PRESENT FATIGUE TESTS OF TEE FILLET-WELDED JOINTS 
CYCLES TO FATIGUE STBENGTH* 
SPECIMEN STRESS FAILURE f lOO 000 f2 000 000 
.3 ~ ~ ~ 
psi 10_ _ psi_ _ _ . ____ psi 
IDeATION OF FATIGUE CRACK 
Specimens Prepared with the E7016 Electrodesa Tested with Paper Spacers Removed 
Hl14 
H 1.36 
H 1.37 
H 1.39 
H 141 
H 14.3 
H 1.3$ 
H 140 
H144 
20~000 1.35~6 21~600 Crater end of weld 2~ weld separated 
slightly from longitudinal plate 
20,000 118()9 20,900 Crater end of weld 4, weld separated 
slightly from longitudinal plate 
19,800 l82()0 2.3;100 Middle of weld 2 
Average 21,900 
Specimens Prepared with the E6010 Electrode! Preheated to .300 DegQ Fo 
20pOOO 2244)0 24~500 Crater end of weld~ porosity 
in the weld crater 
20,000 
20.500 
Average 
19l~1 
1764)1 
2.3,500 
23.600 
23,900 
Strike end of weld 4 
Complete fracture of welds 1 and 4~ 
porosity in the weld craters 
S12ecimene Prepared with the E7016 Electrode, Preheated to 300 Dego F 0 
20~000 345~8 279300 Crater end of weld 4 
20,000 
20~OOO 
462~0 29,.300 1.3~900 
489ml 29 9800 148100 
Grater end of weld.4 
Middle of weld .3 
~ Aver~fLe 28 a 900 14~OOO 
* k = 0~25 
TABLE 6 
RESULTS OF PAST FA.TIGUE TESTS OF TEE FILLET-WELDED JOINTS 
University of Illinois Engineering Experiment Station Bulletin No. 380a 
Elec trode: E6012 
NOMINAL STRESS 
psi 
20,300 
20,300 
20,000 
14,000 
ll,Ooo 
12,000 
12,000 
10,000 
10,000 
C.lCLES TO 
FAILURE 
103 
96.7 
118.7 
69.6 
196.0 
736.0 
91802 
861.1 
2,923e4 c 
4,32602 c 
a See Bib1i"ography, reference .3 
b k = Oa25 . 
C Specimen did not fail 
Size of Weld: 5/16" 
Average 
FATIGUE STRENGTHb . 
f 100,000 f 2,000,000 
psi psi 
20,200 
21,200 
18,300 
16,600 
8,550 
9,870 
9,710 
10~OOO+ 
10,000+ 
19,100 99 630+-
TABLE 7 
RESULTS OF STATIC TESTS OF TEE FILLEr-WELDED JOINTS 
MAXIMUM STRESS 
SPECD1EN ELE::TRODE SPECIAL TREATMENT M.AXTh1UM WAD ON THROAT 
OF WELD 
1bs·., psi . 
H72 . ]i/016 None 1169400 60~400 
H85 E6010 None 114,200 622)000 
Hll3 Mil 180 None 118,000 63,200 
Hl30 E7016 Faper spacers 114,600 61,800 
removed 
Hl42 "'£"/016 300°F 0 Preheat ll5~600 58,000 
Hl45 E6010 300°F ., Preheat 114~600 61~900 
Average 619200 
SPECIMEN 
H 147 
H 149 
H 151 
H 146 
H 148 
H 150 
* k = 0028 
TABLE 8 
RESULTS OF FATIGUE TESTS OF TYPE A IDNGITUDINAL FILLEr-WELDED JOINTS 
STBESS 
PLATES 
CYCLES TO 
FAILURE 
FATIGUE STRENGTH* 
Stress in Outside Plates LOCATION OF FAILURE 
f f 103 100~000 2,000~OOO 
psi . _. . ...... _~~. ___ I>.si ____ .:..___ psi ___ . _ .... __ 
Specimens Prep§,red with the E60l0 Electrode 
18~OOO 193~2 21~600 Failures occurred in both outside 
plates at ends of welds 1 and 4 
18,000 323vO 25,000 Failures occurred in both outside 
'plates at ends of welds 2 and 4. 
Bad porOSity in end of weld 
189 °00 l85()0 219400 Failures occurred in both outside 
plates at ends of welds 3 and 1 
Average 22,700 
S2ecimens Pre2ared with the Nl016 Electrode 
l8~000 194dll 21~ 700 Failures occurred in both outside 
plate~ at ends of welds 2 and 4 
18~000 206.9 221'000 Failures occurred in both outside 
plates at ends of weldB 1 and 3 
18~OOO 168$5 20~800 Failures occurred in both outside 
plates at endeof welds 4 and 2 
Average 21~500 
JII.
'lfU 
".~' )lfJ. 
~ ". "'~''';' -~: : 
TABLE 9 
RESULTS OF PAST 0 TO TENSION FATIGUE TESTS OF IDNGITUDINAL FILLET-WELDED JOINTS 
SrnILAR TO THE PRESENT TYPE A IONGITUDINAL FILLEJ\aw'ELDED JOINT 
University of Illinois Engineering Experiment Station Bulletin Noo 350a 
WELDb 
. SIZE LENG'rH 
inQ ino 
3/B 4 
3/8 4 
3/8 4 
:jIB 4 
3/8 10 
3/8 10 
3/8 10 
3/8 4 
3/8 4 
3/8 4 
OUTSIDE PLATES 
WIDTH THICKNESS 
ino in 61 
9 3/8 
9 3/B 
9 3/8 
9 3/8 
9 3/8 
9 3/8 
9 3/8 
4 3/8 
4 3/8 
4 3/8 
a See Bib1iograPhY9 reference 4 
b Electrode not specified 
c k = 04)28 
STRESS IN 
OUTSIDE PLATES 
CYCLES TO FATIGUE STRENGTH IN OUTSIDE PLATESC 
psi FAILURE f 100 000 f2 000 000 
____ .~ _J..Q? ____ ~. ___ . ____ ~ _ p;i.. ~ __ ~____ 1 pal 
Serie,!! W 
101'000 
10~000 
10 !it 000 
10~OOO 
Average 
Serle~ Z 
10il OOO 
10~OOO 
10~00O 
Average 
Series T 
18p OOO 
181J00O 
18~000 
Average 
530.2 
340.,1 
5191115 
627ci3 
504113 
760~5 
646e>7d 
1514,,6 
973$6 
19101 
221.7 
12011)0 
177IJ6 
16!JOOO 
l41J100 
15 1900 
15!J300 
21 9600 
22!J500 
18~800 
21,000 
6p900 
-
6,900 
7,200 
7,000 
7~700 
7,300 
9f)300 
8,100 
d Ends of weld ground to a feather edge 
IJ~II .: ,:,;;;',Ltti 1.;"" 
TABLE 9 (Cont'd.) 
RESULTS OF PAST 0 TO TENSION FATIGUE TESTS OF IDNGITUDINAL FILLET-WELDED JOINTS 
SIMILAR TO THE PBFSENT TYPE A IDNGlTUDINAL FILLEr-WELDED JOINT 
WEI,Db 
SIZE LmGTH 
in. in. 
3/8 
3/8 
3/8 
3/8 
3/8 
3/8 
4 
4 
4 
4 
4 
4 
3/8 10":'1/2 
3/8 10~1/2 
3/8 10-1/2 
OUTSIDE PLATES STRESS IN CYCLES TO FATIGUE STRENGTH IN OUTSIDE PLATFSc 
WIDTH THICKNESS OUTSIDE. PLATES . FAILURE £100 000 £ 2 000 000 
in e in. ps~ 103 ~j.~__ ~_ ~_ 'psi 
6 
6 
6 
9 
9 
9 
9 
9 
9 
3/8 
3/8 
3/8 
3/8 
3/8 
3/8 
3/8 
3/8 
3/8 
Series U 
18,000 
18,000 
18,000 
Average 
Series V 
18,000 
18,000 
18,000 
Average 
Seriee EZ 
18,000 
18,000 
18,000 
Average 
137.8 
228.4 
101.7 
155.9 
4704 
.34.0 
49.0 
43.5 
221.3 
174e5 
189.4 
195.1 
19,700 
22,600 
18,000 
20,100 
14,600 
13,.300 
14,700 
14,200 
22,300 
21,000 
21,500 
21,600 
a See' Biblio-graphy, reference 4 
b Electrode not specified 
c k = 0.28 
•
-':';:.Z'-
_ .. r:·;~t 
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TABLE 10 
RESULTS OF STATIC TESTS OF LONGITUDINAL FILLET-WELDED JOINTS 
STRESS IN MEMBER WHEN 
FIRST VISIBLE YIELDING OCCURRED MAXIMUM MAXIMUM STRESS 
SPWIMEN ELECTBODE ON THROAT IN OUTSIDE IN CENTER WAD ON THROAT IN OUTSIDE 
OF WELD PLATES PLATE OF WELD PLATES 
psi psi . psi Ibs 0 . __ p~:t _ psi 
H 152 
H 153 
H 120 
H 123~ 
E'7016 
E6010 
Nl016 
E6010 
38~700 
38,900 
34,000 
38,500 
a Speoimen failed in outside plat~s 
b Specimen failed in weld metal 
Type A Specimens 
31 ,400 
15,600 
26,900 
23,100 
Type B Speoimene 
None 
16?500 
14~500 
22,300 
2781'500 
226,200 
220,800 
205,000 
57,800b 
54,900b 
58,400a 
58,500a 
; .•. " .... !.~',J .. 
I ;i~ 
c.~~ 
TABLE II 
RESULTS OF FATIGUE TESTS OF TYPE B IDNGITUDINAL' FILLEr-WELDED JOINTS 
STRESS ON STRESS IN CYCLES TO FATIGUE STRENGTH 
THROAT OF OUTSIDE FAILURE WELDa STRESS IN OUTSIDE PLATESb LOCATION OF FRACTURE 
WELD PLATES f f f 
SPECIMEN 
_1 100~000 100,000 2,000,000 
psi psi lcr psi psi psi 
Specimens Prepared with the E6010 Electrode 
H 107 25,000 1l0e>1 25~300 
H 109 25~000 7204 24 9 000 
H 121c 25,000 115>200 676~1 31iJ60Ot 8,300 
Average 27 ,00Ot 
S~cimens Prepared with the E7016 Electrode 
H 106 25,000 17100 26i)200 
H 108 25,000 184 0 8 26~400 
H 122c 25,000 I1 p700 602.2 3l ,000t 8 p400 
Average 27 9900+ 
a k = 0.12; stress on throat of weld o 
b k == 0.28; stress in outside plateso 
Failed in regions of 
porosity in both welds. 
Failed through several 
regions of poroa~ty in 
the weld. 
Failure occurred in the 
plate at end of the waldo 
Specimen had required 
leverage to position in 
testing machine 0 
Failed in both welds. 
Failed in both we1dso 
Failure occurred in the 
plate at end of the weld. 
Specimen had required 
leverage to position in 
machine. 
c Specimen failed in outside plate; therefore, the fatigue strength for fracture in the weld 
metal would be greater than is indicated by the number of cycles to failure. 
JI\e,;, ... ;:.'.'.:.' ',' . I "r:" ',~ J 
~IJ-:"':,; . ~:~._;_";_'~::.'~';l: --, ...... . 
.c... 
. - :~~ 
TABLE 12 
RESULTS OF PAST ° TO TENSION FATIGUE TESTS OF IDNGITUDINAL 
FILLET-WELDED JOINTS SIMILAR TO THE PRESENT- TYPE B 
IONGITUDINAL FILLET-WELDED JOINT 
Un! versi ty of Illinois Engineering Experiment Station Bulletin No I) 380a 
STBESS ON CYCLE) TO FATIGUE STRENGTHb ON THBOAT OF WELD 
THROAT OF WElD FAILURE 
psi 103 £100,000 £2,000,000 psi psi 
22~600 23004- 25~000 
229 000 55303 18,800 
21,,700 490e2 18,400 
20,000 138107 19,100 
20,000 148402 19,JOO 
20,000 2l3500c 20,000+ 
31 ,500 6702 30,000 
28 9 °00 6204 26~500 
27,000 482.7 22,700 
Average 27,200 19,700+ 
a See Table 10 of reference 3~ Welds prepared with E6010 electrodesQ 
b k = 0012 
c Did not failo 
-~----------------~ --.~ 
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c. TYPE B LONGITUDINAL FILLET-WELDED JOINT 
FIG. I DETAILS OF FILLET WELD SPECIMENS 
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FIG.2 LOCATION OF SPECIMENS IN PARENT PLATE 
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FIG. 3 kOCATION OF SPECIMENS IN PARENT PLATE 
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FIG.4 LOCATION OF SPECIMENS IN PARENT PLATE 
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